Mechanical ventilation has changed dramatically over the past few years with the explosion of technology. Asynchronous breathing is extremely common in intubated newborn infants. Asynchronous breathing has been shown to be associated with short-term adverse effects such as delivery of inconsistent tidal volume and minute ventilation, hypercarbia, hypoxemic episodes, increased energy expenditure, increased need for sedation and paralysis, decreased venous return, increase in intraventricular hemorrhage and fluctuations in blood pressure. It is now feasible to deliver synchronized breaths with the currently available ventilators to most patients in the newborn intensive care unit. Synchronized ventilation with pressure support of each spontaneous breath is physiological, decreases the work of breathing imposed by the endotracheal tube and has been shown to avoid most of the problems associated with asynchronous ventilation.
INTRODUCTION
Since the introduction of continuous positive airway pressure (CPAP) by Gregory et al. 1 in 1971, tremendous technological advances have been made in providing mechanical ventilatory support to newborn infants with respiratory failure. Time-cycled, pressure-limited intermittent mandatory ventilation (IMV) had become the primary mode of ventilation. A major problem with IMV is asynchrony between the ventilator and the patient breathing. 2 Active expiratory effort during a mechanical breath results in decreased tidal volume and minute ventilation, increase in PCO 2 , decrease in PaO 2 , 3 increase in energy consumption, decrease in venous return, increase in intraventricular hemorrhage and wide fluctuations in blood pressure. In addition, large inspiratory effort superimposed to mechanical breaths results in an increase in tidal volume and volutrauma. With the availability of microprocessor-controlled ventilators, transducers and monitoring, it is now possible to synchronize mechanical ventilation with each patient effort. This technology also allows for precise control of pressure, tidal volume and rate. The 20th century experienced an explosion in technology with the introduction of patient-triggered ventilation (PTV) and real-time pulmonary function monitoring. During IMV, the clinician assumes total control of mechanical breaths, whereas, during PTV or synchronized intermittent mandatory ventilation (SIMV), the patient controls many of the parameters. During PTV, each inspiratory effort that exceeds the trigger threshold results in delivery of a mechanical breath, and, during SIMV, each inspiratory effort that exceeds the trigger threshold during a ''time window'' results in a mechanical breath. Studies evaluating PTV or SIMV have shown improvement in gas exchange, consistent delivery of Vt, decreased fluctuations in blood pressure 4 and cerebral blood flow velocity, decrease in IVH, 5 decreased need for sedation and paralysis, and fewer days on oxygen and mechanical ventilation. 6 There are several types of PTV available for clinical use: (6) proportional assist ventilation (PAV) (7) mandatory minute ventilation (MMV).
Of these modes, A/C, SIMV and PSV modes have been studied more extensively than other modes in newborns.
TECHNICAL ASPECTS OF PTV Triggering a Ventilator
Different ventilators use different trigger signals. These include use of thoracic impedance using conventional ECG leads used in the newborn intensive care units, abdominal impedance using Graseby capsule and airway pressure or flow changes. Once triggered, a mechanical breath is delivered, depending on the response time of the ventilator. Response time is the time it takes for the patient's inspiratory effort to travel the length of the ventilator tubing and the time it takes for the ventilator to react to that signal and begin the delivery of a mechanical breath. Response time varies from 6 to 100 milliseconds. Typically, the response time of most ventilators is around 50 milliseconds. Flow triggering using a hotwire anemometer is easier and faster compared to using other trigger signals. If triggering is too sensitive, then auto triggering will result in delivery of too many mechanical breaths, leading to breath stacking and gas trapping. If mechanical inspiratory time is too long extending into spontaneous expiratory phase, it will result in active expiration. If mechanical inspiration is too short, it will result in delivery of insufficient tidal volume. Flow cycling a breath when peak inspiratory flow decreases to a certain value will result in complete synchronization between the patient and ventilator. This is typically done when peak inspiratory flow decreases to 10% of peak level.
A/C Mode
In this mode, each spontaneous breath that exceeds a trigger threshold will result in delivery of a mechanical breath (assist). If the patient is apneic, then a controlled breath is delivered (control). Clinician sets the back-up rate and pressure or tidal volume limit. In A/C mode, clinician has control over pressure or volume limit and respiratory rate is controlled by the patient. Weaning the ventilator rate during A/C has no effect, unless the ventilator rate is set too high. It is important to set the rate lower than the expected spontaneous breath rate. Weaning during A/C is done by weaning the pressure or volume.
SIMV Mode
In this mode, the clinician sets the rate, and pressure or volume limit. Clinician has control over the rate and pressure or volume. Weaning during SIMV is accomplished by weaning rate as well as pressure or volume.
PSV
In this mode, PS is provided to overcome the resistance imposed by the endotracheal tube during spontaneous breathing. PSV is a patient-triggered, pressure-limited flow-cycled mode of ventilation. Flow cycling assures complete synchrony both during inspiration and expiration. PS level above the minimum baseline pressure is set by the clinician. Typically, pressure support level is set at 30 to 50% of the delta pressure. Delta pressure is calculated as the difference between peak inspiratory pressure (PIP) and positive end expiratory pressure (PEEP). PSV can also be used with CPAP. Duration of PS is controlled by the patient. If PS level is similar to PIP, then this mode is similar to A/C mode; however, in A/C, inspiratory time is set by the clinician, and in PSV, inspiratory time is controlled by the patient. Typically, it is not necessary to wean PS, unless PS provides tidal volume that is higher than the spontaneous tidal volume generated by the patient.
EVIDENCE
There have been a number of studies evaluating PTV in neonates. In 1992, Servant et al. 7 studied the feasibility of flow synchronized ventilation (FSV) in 10 very low birth weight infants. In this shortterm study of 3 hours, they showed that FSV is safe, feasible and resulted in improved oxygenation. Donn et al. 8 in 1994 performed a randomized controlled clinical trial comparing A/C and IMV. They demonstrates a significant reduction in the duration of ventilation (119 vs 271 hours) with A/C, compared to IMV. Bernstein et al. 9 conducted a large (n ¼ 327) multicenter trial comparing SIMV using abdominal impedance signal and IMV in newborns. They showed that SIMV was associated with lower mean airway pressure, improved oxygenation, less need for sedation, shorter duration of mechanical ventilation and better weight gain. Friedlich et al. 10 performed a randomized clinical trial comparing nasopharyngeal SIMV (NP-SIMV) and nasopharyngeal CPAP after extubation from SIMV. In this study of very low birth weight preterm infants, extubation failure rate was significantly reduced from 37 to 5% during NP-SIMV. PAV is being evaluated at presently. During PAV, the ventilator generates pressure proportional to patient effort. The more the patient ''pulls,'' the more pressure the machine generates. Schulze et al. 11 reported their experience in a crossover study design in 36 preterm infants, comparing PAV, A/C and IMV. In this study, infants while on PAV maintained similar arterial oxygenation with lower mean airway pressure and transpulmonary pressure. Additional studies are needed to further evaluate this mode of ventilation in neonates. Baumer 12 performed an international, randomized, controlled trial in 924 preterm infants less than 32 weeks gestation at birth in 22 centers. They compared IMV vs PTV. Incidence of pneumothorax in infants less than 28 weeks was significantly higher in the PTV group (18.8 vs 11.8%) and concluded that PTV cannot be recommended in infants <28 weeks gestation. More recently, Reyes et al. 13 presented their data comparing SIMV and SIMV þ PS in 66 preterm infants less than 1000 g at birth. They showed a significant reduction in ventilator days in infants randomized to SIMV þ PS when compared to SIMV group.
In summary, evidence indicates that patient-triggered ventilation results in consistent tidal volume with a lower work of breathing, improves oxygenation especially in infants >27 weeks gestation, shortens the duration of mechanical ventilation, decreases fluctuations in arterial blood pressure and decreases the proportion of infants on supplemental oxygen at 36 weeks postconceptional age. ''Standards of care'' for mechanical ventilation in the new millennium should include allowing spontaneous breathing whenever possible, providing pressure support for all spontaneous breaths, and using proximal measurement of tidal volume and pressure and real-time wave form analysis of all breaths. Use of these technologies allows the clinician to respond to rapid changes in compliance, for example,
